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ABSTRACT: Blueberry (Vaccinium corymbosum), a berry fruit whose cultivation is 

widespread in the world especially in the mainland of North America and also in Peru, Mexico 

and European countries, is one of the members of the Ericaceae family. The source of the purple 

color is delphinidin derivative pigments and antioxidant polyphenols increase the importance of 

this fruit in terms of health. Blueberry, whose annual production in the world has exceeded 2 

million tons, is produced in Turkey as 6620 tons in 5454 decares of area. Propagation by tissue 

culture is preferred in the production of healthy plant material for the increasing need for 

sapling. Shoot tips cultured in media containing MS basic nutrient medium + 2 mg·L-1 zeatin + 

30 g·L-1 sucrose + 6.5 g·L-1 agar in the first development stage were transferred to media with 

different contents after 4 weeks and proliferation experiments were established. Propagation 

rates were determined in Duke and O’Neal varieties by adding 2 mg·L-1 zeatin to MS, DKW and 

WPM nutrient media. The highest number of shoots was obtained from O’Neal variety 16.44 

shoots per explant in the 3rd subculture in the medium containing DKW + 2 mg·L-1 zeatin + 30 

g·L-1 sucrose + 6.5 g·L-1 agar and pH 5.5. 
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INTRODUCTION 
 

Blueberry (Vaccinium corymbosum), a perennial deciduous 

shrub belonging to the Ericaceae family, is widely cultivated 

in the Northern Hemisphere [1, 2].  Compared to other fruit 

crops, its cultivation has a relatively short history of 

approximately one century [3]. Blueberries are rich in 

polyphenols with antioxidant activity, and the delphinidin 

derivatives responsible for their purple color exhibit strong 

antioxidant properties, making them an important resource 

for human health [4, 5]. Consequently, blueberries have 

emerged as one of the most promising crops worldwide, 

attracting increasing interest from fruit growers [6]. Global 

production more than doubled between 2010 and 2019, rising 

from 439,000 metric tons to approximately 1 million tons. In 

2010, the leading producers were the United States (224,000 

tons), Canada (84,000 tons), Chile (76,000 tons), and France 

(11,000 tons). This number began to increase from 2012 

onwards, with at least 11 countries exceeding the 10,000-ton 

threshold by 2019. Peru showed the most dramatic growth, 

increasing from 50 tons to approximately 125,000 tons, 

becoming the fourth-largest producer after the United States, 

Canada, and Chile. Today, Peru is a leading global exporter. 

Global production has approached approximately 2 million 

tons, with the United States, Canada, and Peru being the 

leading producers [7]. In Turkey, commercial production is 

primarily concentrated in the Black Sea region, particularly 

in Rize, although cultivation has expanded to other regions 

using varieties adapted to different ecological conditions. 

Despite efforts to establish orchards through domestic 

propagation of foreign cultivars or direct importation of 

seedlings, meeting the growing demand remains a challenge. 

As of the end of 2019; 443 tons of blueberries were produced 

on 1,055 decares, increasing to 6,620 tons by 2024 [8]. 

Limited domestic production and reliance on imports 

contribute to the relatively high market price of this fruit.  

Traditional propagation methods for blueberries are 

labor-intensive, time-consuming, and limited by seasonal 

growth cycles, which significantly constrain large-scale 

production. In contrast, micropropagation offers an efficient 

approach for the uniform and large-scale production of plants 

[9]. Compared to conventional seedling cultivation, in vitro 

culture not only reduces propagation time but also provides 

precise control over environmental conditions, minimizing 

the risk of variability. Vegetative propagation through 

traditional methods can facilitate the transfer of microbial 
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pathogens and is generally inefficient in terms of plant 

multiplication. These limitations can be effectively addressed 

using in vitro techniques, which ensure a consistent supply of 

healthy, pathogen-free planting material [10, 11, 12]. Tissue 

culture methods are particularly advantageous for producing 

virus-free plants [13] and have found widespread applications 

across numerous plant species [14, 15]. 

Micropropagation has proven to be the most effective 

system for the rapid production of new blueberry cultivars, 

enabling the generation of large numbers of uniform plants. 

Over the past three decades, significant advances have been 

made in blueberry micropropagation techniques [16-21]. 

Furthermore, studies have shown that micro-propagated 

blueberries often exhibit higher fruit yields and enhanced 

rooting ability compared to conventionally propagated plants 

[22, 23]. 

Different basal media have been employed for in vitro 

culture of blueberries, including MS, Anderson, and WPM 

[24-27]. In our previous research on the establishment phase 

of blueberry in vitro culture, a range of basal media and 

growth regulators was evaluated, and plant development 

under different pH conditions was investigated. The study 

incorporated MS, DKW, AN, OM, and WPM media, with 

MS, WPM, and DKW identified as the most suitable for 

blueberry propagation [28]. While subsequent investigations 

utilizing advanced systems, such as the SETIS® bioreactor, 

have demonstrated that liquid media can significantly 

enhance proliferation rates [29], classical semi-solid culture 

remains the fundamental standard for establishing baseline 

protocol parameters and is often more accessible for small-

scale commercial laboratories due to lower initial investment 

and simplified handling. Therefore, the primary objective of 

the present study was to assess the proliferation potential of 

two blueberry cultivars using three different basal media 

under classical semi-solid in vitro conditions.  

 

MATERIALS AND METHODS 

 

Materials 

Two-year-old shoots of Vaccinium corymbosum 

cultivars ‘Duke’ and ‘O’Neal’ were used as explant sources. 

Following the appearance of fresh shoots, in vitro 

proliferation experiments were conducted using 2 cm-long 

shoots developed from shoot-tip explants previously cultured 

in tissue culture [28].  

Experiments were conducted according to a Randomized 

Complete Block Design with 3 replicates and 15 explants in 

each replicate. The data was subjected to Variance analysis 

using the MINITAB 18.0 software package and mean 

separations were performed using Duncan’s multiple range 

test at p ≤ 0.05. 

 

Methods 

Healthy shoots grown in tissue culture and having 

completed the establishment phase were used for 

multiplication experiments once they reached 2 cm in length. 

Semi-solid media in glass jars were employed for all 

experiments, which were conducted under sterile conditions 

in a laminar flow cabinet. Entire 2 cm explant pieces were 

initially cultured in jars containing agar-based media. 

Contaminated or poorly developing explants were discarded, 

and the remaining explants were transferred to fresh agar 

media for the first subculture. The subculture process was 

repeated two more times, and data recorded up to the third 

subculture were used to evaluate the experimental results. 

Preparation and Sterilization of Media 

The basal media used in this study were Murashige and 

Skoog [24], Driver and Kuniyuki (DKW) [30], and 

McCown’s Woody Plant Medium (WPM) [27]. Zeatin (2 

mg·L
-1

), sucrose (3% w/v), and agar (6.5 g·L⁻¹) were added 

to the media, and the pH was adjusted to 5.5. Agar-

containing media were dispensed into glass jars at 40 mL per 

jar and autoclaved at 121 °C and 1 atm pressure for 15 

minutes, then placed in a laminar flow cabinet. 

Subculture and Observations 

Shoot tips initially cultured on MS medium 

supplemented with 2 mg·L
-1 

zeatin, 30 g·L⁻¹ sucrose, 6.5 

g·L⁻¹ agar at pH 5.5 were transferred to different media 

compositions after four weeks to establish proliferation 

experiments. During subculture, the number of axillary 

shoots produced per explant and the length of each shoot 

were recorded. Care was taken to ensure that explants in the 

first subculture were at least 2 cm long before being 

transferred to jars containing the same medium composition. 

Each jar contained 15 explants, and three replicates were 

used. Micropropagation experiments involved three 

subculture cycles and shoot measurements from the 

subcultures were averaged. Shoots were sub-cultured every 

four weeks. 

 

RESULTS AND DISCUSSION 

 

During the proliferation phase, three subcultures were 

conducted using three different basal media compositions, 

and the number and length of the shoots were recorded. After 

the third subculture, statistically significant differences were 

observed among the media in terms of the number of axillary 

shoots and their lengths produced per explant within four 

weeks (Tables 1 and 2). 
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According to the results, in the ‘Duke’ cultivar, the 

differences in shoot number among media composition and 

subculture numbers were found to be statistically significant 

(p-value 0.002, 0.000 respectively), whereas the ‘medium × 

subculture number’ interaction was not statistically 

significant (p-value 0.230). The average number of shoots 

across all three subcultures in the ‘Duke’ cultivar was 6.48 

adventitious shoots in MS medium, 8.19 in DKW medium, 

and 6.13 in WPM medium. When the subcultures were 

examined individually, considering the average of each 

medium at each subculture, the lowest shoot number was 

obtained from the 1st subculture, followed by the 2nd 

subculture, while the highest adventitious shoot production 

was achieved in the 3rd subculture (4.50, 7.42 and 8.78 

adventitious shoots, respectively). The DKW medium 

produced the most favorable results for shoot proliferation in 

the ‘Duke’ cultivar, yielding 9.36 shoots per explant in the 

2nd subculture and 10.10 shoots per explant in the 3rd 

subculture. Since there was no statistical difference between 

these two values, considering the time efficiency, it can be 

concluded that the highest shoot number compared to the 

other two media was achieved in the 2nd subculture of DKW 

medium (Table 1). 

 

Table 1. Number of shoots per explant and shoot lengths in 

‘Duke’ blueberry cultivar across different media during the 

1st–3rd subcultures. 

Medium 
Subculture 

number 

cv. Duke 

Adventitious 

shoot number 

Shoot length 

(mm) 

MS 

1 4.27 c 31.2 b 

2 6.19 bc 30.7 b 

3 8.99 ab 20.0 cd 

DKW 

1 5.12 c 29.7 b 

2 9.36 ab 28.3 b 

3 10.10 a 21.7 c 

WPM 

1 4.11 c 36.4 a 

2 6.72 bc 29.8 b 

3 7.25 a-c 17.6 d 

Means followed by the same letter or sharing common letters within a 

column are not significantly different according to Duncan’s multiple range 
test at p ≤ 0.05. 

 
   The interaction between medium and subculture was 

found to be significant for shoot length (p = 0.000) in ‘Duke’ 

variety. The highest shoot length was observed in the 

explants of the 1st subculture in WPM medium (36.4 mm). 

Except for the shoots in the 3rd subculture, the lengths of the 

other shoots generally fell within the same statistical group, 

ranging from 28.3 to 31.2 mm. In the 3rd subculture, shoot 

lengths decreased across all media, with an average shoot 

length of 19.77 mm.  

In the ‘O’Neal’ cultivar, shoot number differed 

significantly among media compositions and subculture 

numbers (p = 0.029 and p = 0.000, respectively), while the 

interaction between medium and subculture number was not 

significant (p = 0.436). Across all three subcultures, the 

average number of adventitious shoots per explant was 9.92 

in MS medium, 11.57 in DKW medium, and 9.53 in WPM 

medium. When the subcultures were analyzed individually, 

the lowest shoot number was recorded in the 1st subculture, 

followed by the 2nd, with the highest adventitious shoot 

production occurring in the 3rd subculture (6.24, 10.32 and 

14.46 shoots, respectively). Among the tested media, DKW 

yielded the most favorable proliferation results, producing 

16.44 shoots per explant in the 3rd subculture, compared to 

14.20 in MS and 12.73 in WPM. As no statistically 

significant differences were found among these three media 

in the 3rd subculture, all were considered suitable for 

promoting shoot proliferation in the ‘O’Neal’ cultivar (Table 

2) (Figure 1). Images of adventitious shoots developed in the 

third subculture of the ‘O’Neal’ blueberry cultivar on DKW 

medium are shown in Figure 2. 

Shoot length in the ‘O’Neal’ cultivar was significantly 

affected by the interaction between medium and subculture 

(p = 0.006). The longest shoots in the 1st subculture were 

observed in explants grown on MS, DKW, and WPM media, 

measuring 34.6 mm, 33.0 mm, and 32.8 mm, respectively. 

The shortest shoot lengths were recorded in the 3rd 

subculture on DKW and WPM media (21.6 mm and 19.3 

mm).  

Across all media and subcultures, ‘O’Neal’ consistently 

produced a higher number of adventitious shoots than 

‘Duke’, with a markedly greater magnitude of increase across 

successive subcultures. Conversely, shoot length declined 

significantly in both cultivars regardless of the basal medium. 

This reduction was more pronounced in ‘O’Neal’, 

particularly under high-proliferation conditions (e.g., DKW 

in the third subculture). 

These contrasting trends reflect a well-documented 

trade-off during repeated in vitro subculturing. Enhanced 

shoot initiation increases competition for assimilates and 

growth regulators, thereby limiting internode elongation. The 

stronger proliferative response of ‘O’Neal’ suggests a higher 

sensitivity to cytokinin-mediated induction, whereas ‘Duke’ 

allocates more resources to structural elongation during early 

stages. 
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Table 2. Number of shoots per explant and shoot lengths in 

O’Neal blueberry cultivar across different media during the 

1st–3rd subcultures. 

Medium 
Subculture 

number 

cv. O’Neal 

Adventitious 

shoot number 

Shoot length 

(mm) 

MS 

1 6.26 ef 34.6 a 

2 9.31 c-f 29.7 cd 

3 14.2 ab 17.5 f 

DKW 

1 7.08 d-f 33.0 ab 

2 11.18 b-d 30.1 b-d 

3 16.44 a 21.6 e 

WPM 

1 5.37 f 32.8 a-c 

2 10.48 b-e 29.6 d 

3 12.73 a-c 19.3 ef 

Means followed by the same letter or sharing common letters within a 

column are not significantly different according to Duncan’s multiple range 
test at p ≤ 0.05. 

 

 

 

 
Figure 1.  Images from the shoot proliferation stage of 

O’Neal variety in MS and DKW basic nutrient medium and 

pH: 5.5 conditions, in a composition containing 2 mg·L
-1 

zeatin.  

 

 
Figure 2.  Adventitious shoots developed in the third 

subculture on DKW medium in the ‘O’Neal’ blueberry 

cultivar. 

 
In this study, the collected data were evaluated 

collectively and statistical analysis of shoot number and 

shoot length revealed a significant ‘genotype × medium × 

subculture number’ interaction. However, since the objective 

of this study was not to determine at which medium or 

subculture stage the highest or lowest values were obtained 

for each cultivar, both genotypes were analyzed separately 

through statistical procedures. The results confirm that 

genotype is a primary determinant in Vaccinium 
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micropropagation. 'O’Neal' consistently demonstrated a 

higher proliferative capacity than 'Duke', suggesting a higher 

sensitivity to cytokinin-mediated axillary bud release. The 

superiority of DKW medium for multiplication in both 

cultivars likely stems from its nutrient density. Compared to 

WPM and MS, DKW contains higher concentrations of 

calcium and magnesium, which are essential for cell wall 

integrity and enzymatic processes during rapid biomass 

accumulation [31]. 

    The observed reduction in shoot length during 

successive subcultures indicates a physiological "trade-off." 

This can be explained through several mechanisms: 

1. Cytokinin Accumulation: Repeated exposure to 2 

mg·L⁻¹ Zeatin promotes high multiplication by breaking 

apical dominance. However, over-saturation of cytokinins in 

tissues often inhibits internode elongation, a phenomenon 

documented by George et al. [32]. 

2. Sink Competition: As the number of shoots per 

explant increases (e.g., doubling in 'O’Neal' from the 1st to 

3rd subculture), the competition for limited carbohydrates 

and mineral nutrients within the culture vessel intensifies. 

This reduces the resource allocation available for the 

elongation of individual shoots. 

3. In Vitro Aging: Repeated subculturing may lead to 

a gradual loss of vigor in terms of vertical growth, shifting 

the plant's metabolic energy toward axillary branching rather 

than primary axis extension. 

Studies on tissue culture have demonstrated that 

genotype plays a crucial role in determining the outcomes of 

in vitro propagation, as different Vaccinium cultivars often 

exhibit distinct responses even under identical medium 

compositions and light conditions. Scalzo et al. [33] reported 

that among five Vaccinium genotypes cultured under four 

proliferation media and two light intensities, the composition 

of the medium had a significant effect on shoot length and 

number, while certain traits, such as callus formation, were 

primarily influenced by genotype. Similarly, the 

comprehensive review by Correia et al. [34] emphasized that 

effective in vitro propagation protocols require genotype-

specific optimization. The authors highlighted that 

interactions among growth regulators, medium composition, 

and environmental conditions substantially affect propagation 

efficiency, rooting success, and acclimatization outcomes.  

Considerable variability among blueberry (Vaccinium) 

cultivars in terms of both shoot proliferation and root 

development has been reported by Georgieva and Kondakova 

[35] and Fan et al. [36] highlighting the importance of 

developing cultivar-specific micropropagation protocols to 

optimize regeneration and rooting efficiency in Vaccinium 

species. Several studies have explored the influence of 

medium composition and plant growth regulators on shoot 

proliferation and elongation in different blueberry cultivars. 

Cao and Hammerschlag [37] reported that in ‘Duke’, 

‘Georgiagem’, ‘Sierra’, and ‘Jersey’ cultivars, the highest 

shoot numbers per explant—13.0, 13.0, 12.6 and 4.6 

respectively—were obtained using a modified WPM 

regeneration medium (pH 5.2) supplemented with zeatin. 

Similarly, Ostrolucká et al. [13] demonstrated that when 

‘Bluecrop’, ‘Berkeley’, and ‘Duke’ cultivars were cultured 

on AN medium containing 2 mg·L
-1 

zeatin, the corresponding 

shoot proliferation rates reached 3.94, 3.78 and 5.28 

respectively, with ‘Duke’ exhibiting the most favorable 

response. Ružić et al. [38] further investigated the 

propagation of ‘Berkeley’, ‘Bluecrop’, and ‘Goldtraube’ 

using MS and mAN (modified Anderson’s Rhododendron) 

media, reporting that shoot length varied depending on both 

cultivar and medium combination, with the longest shoots 

obtained in ‘Goldtraube’ grown on mAN medium 

supplemented with 0.5 mg·L
-1 

zeatin and 1 mg·L
-1

IBA. Frett 

and Smagula [39], utilizing the Zimmerman and Broome 

[26], basal medium, examined the effects of various 2-iP and 

IAA combinations on lowbush blueberry and found that 

increasing 2-iP concentration enhanced shoot elongation, 

with a maximum length of 20.4 mm estimated at 12 mg·L
-1 

2-

iP through regression analysis. Likewise, Debnath and 

McRae [40] reported that in Vaccinium vitis-idaea, the 

longest shoots were produced on modified MS medium 

supplemented with either 5.7 μM zeatin or 12.3 μM 2-iP, 

noting that while higher cytokinin concentrations promoted 

shoot multiplication, they concurrently reduced shoot 

elongation. Overall, shoot proliferation on MS medium is 

generally slow [38], whereas WPM has been found more 

suitable for micropropagation compared to Anderson’s 

medium [25].  

 

CONCLUSION 

 

In this study, the effects of different basal medium 

compositions on the proliferation stage of two highbush 

blueberry (Vaccinium corymbosum) cultivars under in vitro 

conditions were investigated. The aim was to determine the 

number and length of shoots across successive subcultures. 

This study demonstrates that while DKW medium 

supplemented with 2.0 mg·L⁻¹ Zeatin is the superior basal 

medium for maximizing shoot proliferation in both 'Duke' 

and 'O’Neal' cultivars, the morphogenic response is highly 

genotype dependent. 'O’Neal' represents a high-

multiplication variety, whereas 'Duke' requires a more 

balanced approach to maintain shoot elongation. 

Consequently, a staged protocol—utilizing WPM for initial 
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elongation followed by DKW for multiplication—is 

recommended for 'Duke' to ensure high-quality explant 

production.  

While the present study identifies DKW as a superior 

basal medium for the proliferation of ‘Duke’ and ‘O’Neal’ 

cultivars, further research is required to refine the 

micropropagation protocol for commercial-scale applications. 

Future investigations should focus on the following 

parameters: 

 Optimization of Growth Regulators: Beyond the 

fixed concentration of zeatin used here, a response surface 

methodology could be employed to determine the ideal 

balance between different cytokinins (e.g., meta-topolin or 2-

iP) and low concentrations of auxins (e.g., IBA) to further 

enhance shoot quality and spontaneous rooting. 

 pH Stability and Nutrient Uptake: Considering 

the decline in shoot length over subcultures, studies 

monitoring the pH fluctuations of the medium during the 28-

day growth cycle are necessary, as Vaccinium species are 

highly sensitive to media acidification, which affects nutrient 

bioavailability. 

 Light Conditions: The transition from traditional 

fluorescent lighting to specific LED spectra (e.g., varying 

red/blue light ratios) should be explored to evaluate its effects 

on internode elongation. 
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